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Protocol
========

1. Heparinase Reconstitution
----------------------------

1.  Lyophilized heparinase I is obtained commercially (Siemens, Newark Delaware, DadeHepzyme REF B4240-10) in vials containing 1 μg of the purified protein. The protein is dissolved in 0.25 ml of saline (0.9% NaCl).

2. Collection of Blood Samples
------------------------------

1.  Two blood samples are drawn by vacuum into sodium citrate (0.3 ml 0.109M; 3.2%) buffered Vacutainer tubes (Becton-Dickinson; Franklin Lakes, NJ); the tubes are both pre-spiked with a known concentration of enoxaparin; the blood volume that is drawn is 2.7 ml. The total content is then 3.0 ml.

3. Heparinase Digestion
-----------------------

1.  The entire contents of the heparinase vial that can be aspirated into a syringe (approximately 0.2 ml; 80% of the vial; 0.8 μg of protein), is transferred to one Vacutainer tube; 0.2 ml of saline (0.9% NaCl) is added to the second tube, which serves as the baseline state before elimination of the enoxaparin effect.

2.  Both Vacutainer tubes are placed in the thermostated wells of the Hemochron apparatus for a period of 5 min. (The adequacy of a 5 min digestion time with heparinase was established in our previously published work.^1^)

4. Clotting Assays
------------------

1.  At the end of the heparinase incubation, 2.0 ml of blood is transferred to the assay cartridge. In the case of the MAA tube, it is pre-filled with 0.1 ml of 250 mM CaCl~2~ to initiate coagulation. The commercial aPTT assay cartridge (A104) is designed to initiate clotting in whole blood that has been drawn into Vacutainer tubes containing sodium citrate as anticoagulant.

2.  The Hemochron apparatus signals the completion of blood coagulation and preserves the clotting times in seconds. The difference in clotting times between the heparinase-treated sample and the baseline sample, divided by the clotting time for the baseline sample, yields the percent decrease resulting from elimination of enoxaparin. As discussed below, strong linear correlations have been obtained for the relationship between percent decrease in clotting time and the concentration of enoxaparin in spiked samples of whole blood, as well as for the correlation with measured concentrations of enoxaparin by the chromgenic assay of anti-Xa activity. Anti-Xa assays of enoxaparin concentration were conducted with a commercial kit for a two-stage chromogenic assay (BIOPHEN; Aniara, Mason, OH).

Representative Results
======================

**Figure 1** presents the results for the relationships between the percent decrease in clotting time following the elimination of enoxaparin with heparinase for a series of spiked concentrations of enoxaparin (0.2, 0.4 and 1.0 anti-Xa IU per ml). Results are presented for both the MAA and aPTT assay cartridges. The measured concentrations of enoxaparin from chromogenic assay of anti-Xa activity are also included in the abscissa of each plot.

**Figure 2** presents plots of the same data as percent decrease in clotting time vs chromogenic measure of anti-Xa activity.

Strong linear correlations, with high statistical significances, were found for all four relationships.

**Figure 1.** Point-of care determinations of enoxaparin contribution to clotting times of spiked whole blood based on percent change (shortening) of clotting time after incubation with heparinase. The spiked enoxaparin concentrations added to whole blood and the measured anti-Xa plasma concentrations (mean ± S.E., in parentheses) are placed in the abscissa of each graph. All percent changes in clotting times are presented as means and S.E., together with the average shortening of clotting time in seconds. Data from the same patient are connected by dashed lines. The data for the four patients identified with asterisks in plot A (MAA results) are the same as the four patients in plot B (aPTT assays). All of the results represent single determinations. The Pearson correlation coefficients were r = 0.869 (p = 1.9 x 10^-5^) and r = 0.916 (p = 2.8 x 10^-5^) for the relationships with the MAA and aPTTassay, respectively. Reproduced with permission from Inchiosa *et al.*^1^

**Figure 2.** The results for the percent changes in clotting times in the point-of-care assays shown in **Figures 1A & B** are plotted against plasma anti-factor Xa concentrations. **A**, MAA results; B, aPTT assays. All of the results are from single clotting time assays and single determinations of anti-factor Xa concentrations. The Pearson correlation coefficients were r = 0.910 (p = 2.5 x 10^-6^) and r = 0.922 (p = 2.0 x 10^-5^) for the relationships with the MAA and aPTT assay, respectively Reproduced with permission from Inchiosa *et al.*^1^

Discussion
==========

This assay of enoxaparin efficacy may serve as an important option to determine the relative safety of performing an invasive procedure that has an attendant risk of bleeding or development of a hematoma. This would be of particular importance when an epidural injection is being considered. The majority of guidelines recommend a waiting period of 12 hours between injection of enoxaparin and initiation of an invasive procedure.^5^ Renal impairment, obesity and pregnancy may influence the dosing requirements of enoxaparin.^6,7^ Since the assay can be completed within a 10-min period, it could also be used in a clinic or physician\'s office, where it would provide information on the adequacy of anticoagulation in patients who are at a risk of development of venous thromboembolism. Immediate dosage adjustments could be instituted, as needed.

The enoxaparin concentration in plasma can be measured by a chromogenic assay of the extent of inhibition of the coagulation factor, Xa. However, this only yields its concentration, not specifically its anticoagulant efficacy, which varies widely among individual patients.^6-8^

Our studies were carried out only with enoxaparin. However, it can be anticipated that the assay could be applied to any LMWH that is degraded by heparinase I. This is already known to be the case for dalteparin, nadroparin and tinzaparin.^9-11^ We designed the assay in relation to the features of the Hemochron clotting time instrument. The instrument is relatively inexpensive; also, the disposable blood collection tubes, heparinase ampoule, and assay cartridges to complete an analysis for one patient is approximately 15 U.S. dollars. Thus, it would be expected to be suitable to monitor anticoagulant status in various clinical settings.
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